Effects of ultraviolet irradiation on lysogenic and nonlysogenic Salmonella typhimurium grown at 25 C are partially reversed by shifting cultures to 43 C immediately after irradiation.
Incubation at temperatures greater than 37 C is known to enhance survival after ultraviolet (UV) irradiation in some nonlysogenic strains of Escherichia coli (1, 4) . I found that postirradiation incubation of Salmonella typhimurium LT2 at 43 C results in increased survival ( Fig. 1 ) and that such incubation can reverse UV induction of prophage P22 ( Fig. 2 and 3 ).
Strain LT2 ( Fig. 1 ) was grown in M9-CAA (5) liquid medium at 23-25 C to about 108 cells per ml; the culture was diluted to 106 cells per ml in the same medium at the same temperature, and exposed to UV (70 sec at 10 ergs per mm2 per sec). Lysogenic bacteria (Figs. 2 and 3) were grown in the same way, but the culture was diluted to 105 cells per ml before irradiation for 25 sec. After irradiation the cultures were diluted 10-fold into M9-CAA liquid medium (5) at 23 or 43 C in red glass tubes. Lysogens were incubated in the presence of P22-antiserum (K = 2). At intervals, samples were removed and plated on eosinmethylene blue galactose agar plates with indicator bacteria. These platings allowed infective centers (IC) and colony-forming units (CFU) to be scored on the same plate (3). Zero-time determinations of IC and CFU were made before UV irradiation. The plates were counted after 2 to 3 days of incubation at 25 C.
A shift to 43 C immediately after UV treatment partially reversed the effects of irradiation on LT2 (Fig. 1) . Immediately after irradiation about 0.01 of the original CFU formed colonies. The CFU in the culture held at 23 C remained con-*000t: stant. In the culture shifted to 43 C, the number of CFU increased about 10-fold in 30 min. Fractions (0.3 ml) were removed from the culture at 23 C at the indicated times and put at 43 C. At 60 min, samples of these cultures were plated. The culture which was shifted from 23 to 43 C immediately after irradiation showed the same amount of recovery as the culture held at 43 C. However, the potential for thermal reversal of UV inactivation decreased with time at 23 C.
A shift to 43 C immediately after UV treatment partially reversed the effects of irradiation of strain LT2 (P22; Fig. 2 ). Platings immediately after exposure to UV showed that about 0.1 of the CFU survived the irradiation and about 0.25 of the initial CFU were present as IC. The CFU in the culture held at 23 C remained constant. In the culture which was shifted to 43 C, the CFU increased about sevenfold in 30 min, and, during the same time, the IC decreased. The increase in CFU was much too rapid to be the result of an increase in cell number due to division, and I conclude that it represents reversal of UV-cauwd damage. The increase in CFU after 90 awn i consistent with the normal doubling tine of LT2 and shows that the surviving members of the culture have recovered from the effects of UV.
The expermients described in Fig. 1 and 2 were designed as controls for another experiment. Phage P22 ts mnt has a temperature-sensitive (ts) mutation in a cistron involved in maintenance (mnt) of lysogeny (2) . This mutant forms stable lysogens at temperatures less than 30 C, but incubation at 43 C causes induction of the prophage (2) . UV irradiation is thought to cause induction of prophage by inactivating the product of another cistron c2 (3) known to be involved in the maintenance of lysogeny The results of an experiment designed to measure the combined effect of UV and thermal induction of strain LT2 (P22 ts mnt) are shown in Fig. 3 .
The events of the first 30 min after irradiation and temperature shift of strain LT2 (P22 ts mnt; Fig. 3 ) were similar to those observed for strain LT2 (P22; Fig. 2 ). The number of CFU immediately after irradiation of LT2 (P22 ts mnt) was about 0.05, and no increases occurred in the number of CFU in the culture held at 23 C. At 43 C, the number of CFU increased about sevenfold in 30 min; during the same time, the number of IC decreased. At 30 min, the number of CFU began to decrease rapidly, and the number of IC to increase. The conversion of CFU to IC after 30 min followed the same kinetics observed for thermal inuction of strain LT2 (P22 ts mnt) in the absence of UV irradiation (shown by the broken lines in Fig. 3 ). The temperature shift partially reversed the inducing effect of UV on prophage P22 ts mnt but had no effect on the subsequent thermal induction.
Ultraviolet inactivation of either nonlysogenic or lysogenic LT2 is partially reversed by the conditions used in these experiments. In the case of lysogens, the reversal does not involve destruction
